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A B S f S A O f 
Staimie mntfht&t^ h@o prepared fey E^xtag 
0*Q2W eolntlom of etisaiRie olilotiic afti 0#0SI3 esiaoiittta 
tm tM rett© M (?/¥)» fhe prepei^ies, eospo-
©itS^n ttm ioB ejte&eage h^^hmiom of tbis s^tsetimet 
baire hmn stuidl^t aai witb ©tesnlo phoapfeate. 
"Biis emlisteiiioe bees ©peeiflc detect!om ©f 
isfOtt ClI)- fl^ ® liDSit i© Staimle 
©olyfedate ^eiids tmm feleek in tis® presimee ©f ferMtie 
lone* Qth&r satioti gives tisl@ test, fise color 
raactieas of stasntc mlyt^^ate "^th -farlews ©rgenio 
stafeatenees h^ i^re sleo Iseea studied* 
Olijfosi&tog^ Qpiiy m paper® iBpifs^atfid with s t i^ io 
eolyfeaat© fent® seleetive m^ olten 
©eijuratidas ©f sn&tel loa® feoea OR tiiose fapore* 
titaaiim ©ad slui^ nttia h&ve Iseea eeparatod 
qaafttitstiirel^ n&tng pspmr cbirsaatogmpli^. tJae eoaoB are 
e<juidi0t!a»it, f&e resiaits ©re reprodaeible 
gtilfosftlioylic neid hse hem tisod for ttse eelcctiir® 
of titauium st 36B njjL • fhe 4at©rf«reaoee 
by S0E3© eatieae iiaw "been sasfeed i^tb table 
Basing egeats# Effseto of pH, te^pereture eu^ time OR 
t&e sulfooftlicyiic; acid coispiex liftT© ticen otudiefi^ 
fte« teshnltiie hm l>eeii um^^  to ^©teriaine 
l^ fed im prmmm of tjsrlm «©liig ferrocytmifie 
m tStr0Bt» ffee eftmt of tfee ifariatidn of voltage has 
lumn in dc^tsil aftd fefee titrntion bae feeen performed 
at 0*6 volts, devlatioa fojp liia© experitseiito ta 
o.osaa. 
xi 
O H A F f E i I 
I P t ' R O S U C f l O H 
mulftimil eheiiiati?^ d©©ls ^ th the prefel^ ms ©f 
©eparation, aet^ction of th© various 
©eapenettts in a ui^tutfi* Sixtuyeo m^ fe© claseifled so 
orgssic or inorgsoie* Orgeaic ©oapouRde ©re costly tin-
loftis^a wMle ittorgisKie asbetaaees are eoro or loss ionic 
la astur©. the ea^ftieal chest&try of mtimn hee attme-
to«l attention mom conepiotiougly %hm t&at of the anions. 
Aiaoagst the eatioa® the iffoup fs • ^ ie particwlarly 
difficult t0 separat©* Tqt ^Iffieult separations © nwaber 
of iaterostifig toclinititje© ere msedi aow-e-fleyet 
Ci) ©olvont extraotlon ( i i ) laoetropfaoresle 
Ciii) loft m&fmnge Civ> Chroiaatoersphy 
(10,11,12). 
loa OEOhesit© is an ^iioolloRt asthod of ©operation 
for the imriotiss iotiio sssteFiels. fMs tochniquo 1» beiag 
awclope^ along tfe® folXotd^ng liness (a) Prcpsration of 
aew ©yntfeetit Inorgenle io» excfeangors ( 1 3 , 1 4 , I S ) • 
Cte) 8tudi€® of tho fmdmmt^t properties of theeo loa 
cjECfesngers rsHumf ion ©xcliange 
eapeoitjr (0) Ii^re^setioii papers with these loa 
mohBnQem tfe.i> aepamtlofi of m©tal loaa on the ion 
mGhnng^  paper® (t?, ( t ) flie use of i«m eitohnnge 
for th<B «ot«etim of aentaX ioao In traee® 
ffeo prepamtioii of umf mohm^ern ts isiperteBt 
in mmy re©p©ct«js im) a suitable eitimgo in the cfeeciiccl 
natare of an %m exs&asce^ it ©hotili be possible to fiad 
eolations to ep^eifie prctil^ is© Cb) Bf finaitig tlse pom 
siloes ©f the mpiotie i©R uxiJiiaRgeps ©a® oaa advantage 
Gt a aei? knmn e.8 Helecalar ©ioire eferocsatography 
(2g,83). flUB technitu® ^iQh ie otiXl tn it© infaa^y holds 
eoaoidejTfible (e) fhe deta m mXnm for aumcroti© 
ions ia varion© solircate lead to latoreeting solutions 
of aaay conplicatedi fupdtjlims ( « ) ^ea one hea to deteet a 
v^ ie^ r sssall quantity of m ienio t^e resin bead tsst 
is th® mQ&t usofi^l* iJost ni tfe© wofk aptil sew has howevert 
h^m m orgasics resin ts«t there ie ne reeeon why 
iner^nniis im em not bo used* 
^fter separation he® hmn eefeie^od the noait isspoiv 
tant step io tli© detersinstioa of the ^aifiows ooa«tittt©ntB# 
fhe fsethodo of d^ttitsination ^Mcb ©ro the aoet cmmn m^ 
he eieseificd mt M SpoottrophotoiHJtrid isethodo 
(14) Bloetrleal isettods* flie ©peetraphGto^etrie aotheds ere 
»08t com^ntj ttief ftse sinpls aasi 
fspiel. Howeirer, tliere ie need for coattjuiottii ispfSveiaiBnt 
Iji ffiettoot® SleetjTleel ©ethads on the other 
b&n^ ar© not bo ©feoifSe hut they Bwe eeiioitii?« ani tbeir 
^elecftS.'sltsr ean 'ba iEiprov^S fe^ the proper adjuotsent of pH 
md fe^r tluR use of @ sutlfibl© ceeiplen f^ r^ itttg ®geat» Aooagst 
sciftlio s^ teod-stop techni^uo i© |>artl-
eularl^ attmetive fJie iastaiiaetitetiOR i© 
»iiapl0 fmi ono^ tb© oanastiaii© hav© feecm cetsbllshed the 
fitjeatiOR ie r^nj^ r mny t® perfom, ISsia teohnifiue ©ejr b© 
with ©^n ia those rea^ti^iis wlier® no eolor 
is proslueeS* An<i tfecfefor© the two t©elml?|«s© smy l^ e said 
to eoopleiaent ©tfeer. 
ffe© presat wQjE^  w®® naaiertsken to prepare 
a nm txctoaage tEat^rlal (Stsanle llolyMate) rnisl to 
stufljr it© fm^mmtml pmpisrtlm m6. 410 lilility in eimXy-
ileal sepera-tio®©* fsper© mme else ii^prepjated ^ th this 
ioa eseefemger sua it wa© f&und tfeet imny diffloalt 
tntewmtlng ©eparatioas ^euy ©ssliy oa these 
fli€ lOft ei^ efeaxigG ffiaterial can tseed not onlf for 
tliQ sei^smtion of mylou© cstiotta tettt It o®fi liloo be used 
for tfet ooneent3?0tlofi detection of isetel lone* fixe 
eoficeatrstioa ii^tsl i©ise has acliietredi hf a vesgr 
aoirel teo!rmi<jut p2»#©lpit8ktioii im exQhmm (30)* 
However, m%m0 laorgsnlc lea exeliajage fecafie ftave not fecen 
as0d to &ii|r oeKeiiae^ble ©stewt for the dctictSon of traces 
0f laetal ioas aii effort itss been te develop e new 
f0r ga ifsporta^it eatioa (F®**') Issoed upm 
r©aetio» ©fitli iaor^iiic io» ajtelsmgo 
Fartitto'a po^oir ofersmstogr^h^ also offers einple 
solmtioiio t® Mffiotilt onalytioei psrofelefis^  Aaa desi^ite 
tli^ feet that thonsandle of ^sfiora fia-re lacen i^uMisbed in 
this field flosfit eofitritowtiono eontiaue to si^ pear 
te sttespt wm tlierofore tssdo to etuSy the 
^ttelitstive etporatioa of l^ e - M - f i with thio teohniQU©* 
^fte? eepsmtion aJi^  ^©teotioii of ^ ion the next 
li^ortant step is its a«t©retSaetioa, In this ©ty^ sr ©lee-
triocil m vt&Vl es fjoaolectifioal siethode of aaelysi® feave 
l>e®5 for the dcteiwiaatioa of ooisson ioas lifee 
titafttam snci Xea^ l, It hfj© horn fotin<! tliat row fsetfeodo 
of €®te:imimtioft for thos© two ions ©re sigjoificaiit md 
they sro m over tine osdotlng metbodo of 
eaalysis* la tBo folloi^tii^ psgos are dooorlfeoa the ©ethod 
of approach, tho ohesilotigr of the pyooeesoo involved md 
tm ®3!perim6fital Aetalle of tfesso nm eaaXytiooi i3ethoao# 
She Itaitationo e^d ttoe ©f tbeso teoimiqaes 
hatre been eoapare^ t&ose ©f the ©listing iproceSures. 
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C H A P f E H It 
mwAnmon mB movmnm of sfAmixc uohmm^E 
ffee ii^ortfisie© ©f ©pithotic tmr^td^e mahmm^^ 
has feeem reoeutly ^eirlewefl fteeee ©atijyiale h&m 
found interestisg appliosti^ns in sanlytioal e&smietty 
parti milarity in tJis of alfeall aetiils ssd 
alfeelitte earths k fhe ^li-aets lis© ii©weirer ois coia-
pottMs bes^a upoa ^Atmnlum* Relativeljr few f^d&Qent&l 
Qtufiies h&we tseen r©f!6rt@a tin eoepean^B. 2aou© (2,3) 
wao tti© first to ottid^ r ia aea® a^tail ^ tmtemte iea 
exchanger based on tim i»e« 3tan?ii@ phoi^ l^ atd* fhis 
oateiiai ie tised for the p&pm ehromtQ§mphf of laetai 
i&n® How«i?or no in^eirtsiit ©tufiics hm9 Men 
reported ©a etennle Sergelin® (6) wa® the 
firat to prepare this cosipouRd feat iie dlS not laake a 
detailed etudy ©f ita properties, flilo cluspter ^esls 
with the preparation ion exehaage hehsidottr of this 
euhataitee* 
8 
S X P E R l f i l S R f A I . 
Be&^entst Stanialc eblorlS© pentel^dfot© (Polezid}t 
mrrasaitiB laolybtete C e^b liOfeorcfeeiaJL© ^©lasi (^erjaai^), 
soAiwia laolybd^te (Rledelg Gemaiiy) were uo^ tl for the gel 
prtup&st&tion^  eonduetosetuie titrations staimle 
ofelorido (BfOEor Malj^sedf anci so i^uia ooX^bdlete 
Bsslciaa) were ws©d snfl etannlo ehloi?iae was 
©teiidaraiBed agataot potaeelum aicferonate (7)t uslxig 
« 
lead for redactioii of ttn% All ©the? cheiaicals mr& 
©f reagent 
M^nrsttumi Iligli frmtimn^f titration tmo performed on 
tli# Sargent Osoillosster fio^el V Serpent ©na Co., 
CMoago) in the lerge cell* tloaearcaaeat© of pR were Baa© 
m ® Philips pR-^ JIotor UQ&0I f t 0401* SpoctropbotosetaLc 
work was done on Batsssh an*! Irost) Spcctroaic^^. Phillpe 
condiuctoiaotes? Ifodcl (PR 9500) wee ased for eonducteraetric 
.studies* 
PreRsratioa of etsimio molybdRtet On, ©iaing concentrated 
&<imom ooltttions of ©tannic chloi^de and majonliiB rol^-
Mat© a iMt® proeipitate wao fonsed which m diying 
& l»Xtiiali wMto ffe© prep^rties of this powdeif 
hme not laem iswesttgated flie stsanic noly-
tidat© gel wee prepared hf two ©©tl^ oaet (s) Ijy Mxias 
e^ uemte atimnic ehloi^ide and O«0SQ aoooaitUB 
siolffetet© in ml&T ratio of (ls8)| (fe) by laixiag 
0*0613 stafifiie eliloirid^ 0«0Slf eoditm mlybdate Xn the 
solar ratio of 1ltl» fhe stonnie KOlytjfi&te ol)tBiaed in 
Ca) or (te) wao <ligest®« fit roo® tecip«pstur@ for 1-2 hoarst 
washed ifitli mtei* end ailed at sooia tesporaturo* 
tiie was iEsmoesod in water it ferok® dowia «e@iXjr to 
pa^iele© sAth oraeMae fslth elicjht oiroltition 
of hmt* fhooe partieloe m&t^ f«s?tfeeF htokea down to th« 
dosired partiele sifs© In a poroelain eofftar and si sod 
Ble^n^ for ttiatribution ©easuroaents* fo convert 
It into hydftiaen fore it wa© i8igi0r©©d in i-2n nitj^c 
acid for 24 hours vith internitt^t r^lacsing of the 
aoids washed eetpaml times with watert filtered and dried 
in air* All stwdie© desorilied ta this chapter were isade 
OS etanaie aolytidate prepared hf naethod (a) imleae other* 
i^ae stated* 
10 
B E S H I. f S 
CQgpoalti^i O9WOO of the mtshmsoj^ wsa 
di60o3.ved tn 20-15 laX of eeneentrate^^ liyareehlorio aoid 
and m&o diXtite^ ^tfe water* ttolylj^ate W431Q preoipit&ted 
fe3r0(,-feeti80iii03!£l,e}0 (8> aa^ weii^ed n© t^ oOg op ©ftor 
©oli l^i:^  the preeipState in ©cmnia, eolfl^dmiio was repre-^ 
elpitated as lead isoljMate (9) ^ c h *me dried an<i 
uoic^ed* tia ttt the filtrate wse Seteriainea with 
O*OiMpot8S0i«i3 ^io&remt© Cf)» fh© faoXar ratio of SniKo 
is fonna to feo ( I t i ) ifi the saaplo prepared fey nothod 
(®) m^ in the ©ac:|?le prepared hy isethod (b ) i t is (3:2). 
Conduotoaetrio studies were lasd© to study the 
eo^oeiticm. fwo of O.llt airseaiiiB ooiyhdate diluted 
to 100 ml water were titrated oecillonetrically »ith 
O.iK etenaio chloride* fhe resiiltisfj canro is given in 
fipire tm *t?hci resalts of the high fret^ency titration 
of eodiua laoaylsdete iiltli ©tannic ehloride are ehom ia 
figure Mreet and reveree conduetoisetrio titretione 
of etemiie chloride with eodiuis ©olyhdate have heen found 
successful (1'lgures 3 imd 4)« the apparent ooshinifis 
ratio of SailTo is invm^ to he iUtB)» 
26 000 
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Z ^ G ^ 'O t2 
{/Oic/Me OP <? //»/ SnCL^ (yn/) 
1 p/G, COA/O(/CTOA7€T^/C r/r^/^T/o/^ o^ /on*/ O f M A/ct^MoO^ iVfT*/ 
gpopegfiest 
( i ) Stennio saolyMate is la tb© tern of ligiit 
which ©an f©r eeltium ©peratiom* Os 
tieoting,, it tttrss pale yellow (iOO^C), 
tmh yellow gre&niBh Uladk (3OO®0), 
brmmisli hlnek (400^0) md fiaalXy ehintag 
bleek 
1© eheage ifi iom or color 
io fsiien it is bestofi is Ijoiliag 
iseter* 
(B) lofi oap&oit^t fli® ioa emohmge 
eepmHy was aotenaine^ by t&© stssaSare isetliod 
ClO) using sme ioae* fh© 
reeult® ar© mam&riB&S ia taMo 
Somal @f respeetiir© salts lies been m ^ 
m eliicnt eM 400 ©f the efflueat lis© been collected 
in emh aa80« 
T A B Ii B I 
BKJHAtlOK GAWMITI OP KQIifBMTE FOH SOffB 0A5I0SS 
Ho. Eneliangiacf ioa Capacity i3©g» 
fcr dry graa of 
1. Hi um 
e. K^  0.98 
3» Ba"*^ ' t.04 
(3) Ciieaieal ©tuMlitsri fo get a rongti Idea of 
tfe© ©h^teieel stability of stafinio aolybdete in 
vanmm (ilieaiGfilaf neeriy 0*2 - 0»Se of tb© 
exobanger vim ^apt ia 2D • SO inl of the eoXuticm 
ooncerfieS fo? 3 The aubatancaa taken w&rm 
Isyaroeltlorte, niti?iei ©ulfUriOi perehlorlci foroiot 
aeetic osaHe aeidSt eo^um l^ Ss^oxida and 
amonia* l>allatdom^ of the aseobangar with 
6fiffa^ent anbatancea is aa follo^^si 
( t ) lla in S Sa^ei fTits?io« aulfuriot 
aoatioi ani formic aeids of ell oonoaatra«* 
tlomay iiairelilorio aoid tJ^ to 60^ and 0*5H HCI* 
( i i ) lo ^asga in ona dasrt In addition to tba 
ftbova'lOjS oxslie acid» 10^  
To ©tody the i^esioal atability in detail in water 
end en HHOg tfee following prooedura woe follo^yad* 
fhe o^ sohangar Mia waahad tiy hot water to ranova 
of tin 
the infltiance^or molsrbdeniim which m^ be oooluded in the 
axchaiigar due to the ineosspletanesa of washing* 500 ag 
of dry exchfsagor in H"^  for© was rafluxcd with 50 csl of 
water or 6lf HUO^  for m hour* After cooling^the 
17 
Qupemstaat liQUia wm ttlteTe& through fiae f i lter 
papQt* fl3© titration wae repeated i f the filtirste 
was fotma tiirbi<l« In the ftltrato igolyfedimtia was deteiv 
wlm& tfeiocfesat© eetliod ( i l ) m^ tin by piieayi-
flmrom pme&iure after mtmction tfith dietli^flQiieo-
niu^ <liethyl ditliioosrl^amte i%2} speotropliotocietirleally* 
the are givm in taWe • 
t A E t B I I 
BISSOTOIOS OP m ilHB Sa IPfO T?AfBa MD m HHOg 
iUi^ otmt in ^oiint disodlve^ is 
^JiE^s. 
8a(etg) lleCsg) SuCag) 
1. 3,600 S*314 ^.880 
S. S.StO a.-^O 9.675 SO.SSO 
(4) fitMttiom fh© titjpation mm 
fey th& earlier aethoft C 43)# keeping 
totnl. eodiae oouceRtratioa as fhe 
resttltifts mw^ G is ^ v m ia figure 
C5) Satttion eusnret fli€» oltitioa curve of the ion 
®3ieli«ig©r for 0»lf5 sodiuia nitrate is 
2 Z ^ S 
r/C.S, T/TP^T/OA/ CC/Pl/S OF- ST/^m/C 
A70Ly/3D/)re 
slKmii iB i . ffo farther elieag© ia 
mrwe was Q^eejfwfl s^ea tho coacimtratieR i® 
InereaeetS afeovc SH (figor© 
(6> fheraal otaMlity t H®at treataeiit in elri 
In ©rcl©r to test the tlieraal stsMllty ©f ©taanie 
SOO ag, ©f tiio excb^iger dried at r©oa 
tei^eraturo t r e a t f o r 
analysis et the rate of 3®/«3ifi«t©« the results 
are ©iimietrisea in figure fh© ©gcheage eapaolty 
wes a©t©ifislaea ©f tfee Sn®^ at 100, 200^  
300 ana fb© are gL'^ ea Im tulile 
A B I. H I I I 
BFF^f OP IBM IH AIH 
Seapl® Begins tesperature Oetfteit;^  
Bo* Beq/g 
Roosj teEsperatur# 1.00 
100®C 0.10 
3. O.Of 
4. 3O0®C O.Of 
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20 § 1 /c 
0 
SOO OP THB eXCH^NGE/? 
O /OO 200 3oo ^00 Soa 600 "700 800 9oo /coo 
F/O. 8. O^ Sr/IA//V/C AfOlY8D^7£ 
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C?) I-Hey 4%tirmtiom 2o see the orsrstalline 
t>ohairicmr of the exohaiiger» otaimio taoXybdate 
at 3P0©e tcmperattire, 100®Ct SOO^ C» 300^ 0 
aitd 400®G was tsfeen for aiffraetton. All 
of ttjes were fe%xM amoxptisu© to X-leire. 
• 
(8) MetrlfeutiGift eo«ffiei©iitst In ©rder to tost 
tbe utility of this %m osichengor for aopara^ond 
of imaI;ftloGl Intorostf th® aistyitnition ooeffi-
ciente mom deterainea for nunerouo aetal lono 
toy tlio isethoa of Xaoti© CS)# Inoue's result© 
on fjtennio phosphoto fcavo oloo been iRoluaed 
foj? oofflparioon. §00 mg of the ©xcheneor were 
ts^ea in 10 ml of iO'"^ solution in nhioh Ed 
mitt© is to fee to terminer • fh© result© sr© 
in table I?. 
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DISfRIBOflOR G0EmcIEH1?e OP SOt!E CA-TlOim OH SfAHHlC 
KOI.fBBA'PB S2AHHI0 PHOSPRAfB 
Isoapo^l in i i is l atisl isH pH value 
Stamia pfeespimte 
Coiapouni K^ 
5*0 21.8 nitrate S8?0 t 380 
fd (n> nitrate 2.0 -
tini) ,, 5.0 e.o ll.O m 
Zn(ll) &.0 E.O nitrate 315.0^6.6 
Bi(Jl) Cfelojfide 2.S -
Co(ri) sitrat® lO.O OMoride 96.70 ^ S.O 
i i icm) tf 4.0 3.1 • 
cacis) , , 11.3 - «•> 
Ug(lX) Oj^lorid© 2.6 8.1 • 
BHtl) ©•0 SS.7 liltrat© 002 t 11.2 
Bs{II) ' , , S.O SO.O -
8.5 go.o Chloride 2E47 2 Igl 
25 
© I S O U S S I O H 
A r©f©rmce t® tabl^ I? shows -asot ©teftnto isoly-
htae s differimt seleotiirlty froa that of etaanle 
pliospfest©. Iiua^ has e vefy Mgla Kd imlue probalily 
feeeaae© it feres ion pairs isith stannic ©olybdate. 
It may the^efoiee fee poeolble to separate Pto(II) from ite 
oistaro ttstj^s tlds ejEoMiiger. Quantitative estimations 
hav© given ttee Bns^ o solar mtlo In ©tannic laelyba&t® 
ae ( l8 l ) » It® etractur© »ay therefor© b© tentatively 
postttiatefi aiif 
oa 




Rowover the ( i t l ) ratio of Sn to no conia not be 
oonfirsea liigli fre^ency titrations t^ hich sugr^ eat a 
ratio of (|t2}« fiioae titration® have ©oce interesting 
aspeota* fh^s i f etaimie ohlozldo solution is taken in 
the titration eell and molybdate solution is addeS from 
> 
tlie burette ao point is observed* Slve stsnnlo aoly-
bdate eel is obtained initially i^ofe dissolves on adding 
26 
of K&Iylsdat® o«i»g t© the pooelble fomation of 
potymHe stibstatieea. HotTev©r» I f the laol^ rMate selmtion 
io taken in tli© titration cell ana atannie ohloriae ie 
aifieS tEe md poiat is obmsve^ at Moi Ban mtio (Ssi)» 
It is poeaifelG ttBt initially Sa(noO^)^i0 fQrmS M e h 
ctmngee to th© otsueture Buggmto^ above* fhus it appear® 
tl3©t high titration ffiajr toe ^ ery useful for the 
estiisation ef Bn*^  (for t5riiieli goofi methods are not avail* 
fetit t&eF not suitable for deteroinin^ the actual 
ooc^ositioii of the oois^ ouna fomefi* f6e otannic ajolybdate 
gel has also toeea test^ sdi for CI* an^ positive 
test for either of ^om ham h^m obtained* 
fhe titration curve of stannic nolybfiate ohowe one 
inflection point enfi therefore probably only one hydrogen 
ion is affected in the titration and etannic solybdate 
behaveB ae a aoaofttnctionsl acid. Stannic oolybdate ie 
hydroxysed significfsntly in water end the pH of the euper-
nat^t litjuid on keeping 0.800 gre»s of stannic solybdate 
in 60 sal of water for S daye ie 3»8. ^he color of the 
eupemat^t liquid ie yelloi^eh. Honever* when the eaeie 
©:ipeilBent is tried in O.irJ HaCl the fine! pli ie 2.9t and 
» 
the ©olution ie colorless* It appear© that the sodiua 
fe»a of the exehenjter io oore stable than the hydrogen 
fors and the lower pH in thie case ie due to the conibitted 
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effect of md tbe release of hyd3?ogen ions 
fey tut i<m exctosagor* 
ffe© ©l«tl©« carven &h(m tfeat cioet ©f the hydreg^ 
ioae are ualeesed la f l i^t SO al of the offlisent* 
fli© release of Uy^mgm Ions thoa deoreaeo® sharply audi 
fiaslly beoeiaeo iinoignifieent aftor 100 el . fho reaction 
may bs iepicte^ est 
ttiiere t®'*' repi^ eaents the hydrogen fora of l^e e^ cohanger* 
Iiiitially the relesee of hydrog^i iono ie fast ainee the 
frhole of the oxehangor la in iiydieogai foro aa« the forward 
reaction is feet* A© the decreases the releaae 
of H"** %m& hfcosee elot^er ©ad It ie not of cjueh practical 
imltie to comtinue the elutioR after 100 ial« 
Heu^e f afeowo ^ t the eapedty is strongly 
iepmtmt om m in the oaoe of stannic phosphate 
fh^vetore HaUOg eiiould be tteed for elution. 
Higher cone ent rati one of ffeHOg aiitr not neeesoary* The 
capacity of the iffla exchanger hae been fotmfi etroagly 
on drying temperature al80# fhue i f the ion 
exchanger ha® been iriefi to 100®(l the ©apacity fal ls to 
0#iO meo/graa. 1?Ms mhmo that the thermal atability of 
stannic oolyMate ia lower than that of stannic phosphate* 
hi 
A ©iisilar hehm^mt li&s tseen not ©a the ens® of girootiitiB 
solfbdate ( I ) , wistoee espacitjr deeressed m heatiac tswoh 
Ejore tli^ that ©f elreoaiuim |>h0sptoat©» By usiiag <llffer«iit 
aoaoTalcat and dJivalmt ioas tise eaoe capacity has hem 
©beejf^ ed (tafele f M » that the os^aelty is 
of tlie ton and the em 
wsea for asalyticGl pwi^osas. 
Oa haatisig the exeli®aig©r f«>B t© lOO^ C there 
i s mm^ lose la is^gfit a eon i^d i^estel^  ^eeyoase tn 
capaeity from 1«0 t© 0«l. aeg/graa. It therefore appears 
that eigaifisefit 8tractiii?Bil f^eaagea tafeo place in this 
period ©ad csaaeaeatioa of exdisnger BOIecuXes laay occur 
witfe rmoml of water* Oa heatlag to 400®0 there le loss 
la weight liut aot any signifiesat deereaee in capacity and 
oaly etraetaral water 1® probably reaoved. After 400®C 
the weight heooae© alfsoet oonetaat* ?he X-Rey data do 
not reireal any eryatal straetare either at rooo t®aperoture 
or at higher teaperattires. Shie hefeeviour is different 
from that of etaaftle is^osphate which shows soiae ciyetal-
liaity at room teiaiperattire and the ion iKKehanger beeooee 
uore and siore saoapphou^  a© the temperature increase®. 
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e B il P f B B I I I 
Bsi?sefiOH OF pgROoa torn nw sfiiwic HomsAfB 
^ J i s s o t o ( I ) Seve lopoS e o n e i t i v e end 
ipeeia ©pet t@8ti> for nuaersus m^tal torn* Howevert 
syiitbeti© inergojiio ioa ©xehtingors liave not been used 
for th© aeteotiom of seta! Irnim* tsfeile ©tudyine the 
pmp^^tm of ©tsnnie issolyfedat© (S) It has feeea found 
that thlo ©osptjutie gl^ss a ©enslttve test with reducing 
agent© in generals And by a ©ioj?le aodificatioa of the 
tost it he® hees issde eelectiv© for ferfoiis ions. 
E X F E H I M B l f A I . 
All oh©i3ieeis were of reagent gred©. 
ggepemtioii.of flie s-taimie molybaate gol was 
isaaersea in water it broke Into small pertlcles* 
the particle® then were crii©li©«l oad paseefi through 
si ©TO© to gl^e 6f SO - 100 oesli* 
Proeedttrei f© ©a© isl ©f tfee mkiimsa solution approx» 
io ©Med dropwise. If s precipitate 
appear® then aadiag of aercurouB nitrate is continued 
t i l l o©!3pl0t© preeipitatloii. fhe preeipitete i® filtercfi 
end to the filfcrate is a«idc<l M aqueous solution of 
acfsonius aoetote* im^ precipitate eppeerea io filtered^ 
f® thSo t i t rate is aMefi © few be®«s of th© exehenger. 
fh© bea^© turri black in presene© of ferrous ions, fhe 
aeteotion liott i© 
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R B S S l» t S 
REAQTIOH OF fHE StAttHIC StOMBDATE BEADS tJifH IHOHGAlfXO lOffS 
5?ii0 resotiea© of laae vmriou© inorgeisie ©ationo 
aad ssi©n0 were stuaAe^ on l^ eeA© of stsnnie solyfed^ate. 
(feie isi llil.itei? of the I'^ agent eolutioti wm added to a 
im "bead® ©f the ©xohaager em^  adooxption on tte 
swi'fao© iffB© fhe yewlte ate ©«tsffiariB©fi in tables 
V m& Vt» fbe eetione w^re tmkm ©a nitrate, chlorides 
er ealfates iJrepared by th# ©ethoi of Kll>eih cund others 
for anion© the Ul eolutlone of ©odiuist 
potaesiua or mamonit® ealt® were ueed* 
f A 1 I, B ? 
BKACflOH OF lICIlAtlGEE mm inORGAHlC CAHIOHS 
Ostiona 
Color of heed© 
Cations 
Color of hoade 




Sr^ Ba^ ® 
• Sr^^ • 
Mk M 
f A B It E V 
' " "'""'affir'oi' Ijeiida " ' "" dolor oJf ijeade 
cetienB ^ i i a t f i g wmr-w^m^ms 
Bl., sages Br.Bk 
m m * 
-
- m ir(f) t Y 
MX. BkOHr. fCiv) Bl. 
UM* 0 Y 
Qr* Gr. • 
UT, • 
« « 
? f£(IV) • 
t ? f i C m ) V.BM. 
4Mr • • 





f A ® 1.1 n 
EBAOXIOH OP ffiE nw immM^tQ mmm 
Color of tli0 bftais In Color of til© beeds la 
& mm* ^iofia § Sn* 10 da* IS fere 
4I» m 




m^cmr mt • - Nitrate mm - m 
Cl" mm «n • • trite mm mm 
Br- m m ? T 
r mt m org©;. t ? Y 
urn • • « 
BrOf •m HI* - g Br. Bk. 
QlOf - 0 0 
t&rtmtQ turn 103- •• • 
Oml&tQ - m ens* • T 
itsed iit ta1>3.e f ena VI» 
B ta selutloa 
y « Ifollctw 0 m Orenge 
ii e l l l ^ t Gr m 0re«Q 
B B l^ ecift ? n moi©t 
Br o Brofsn «•• « aolorleae 
B1 a BlU® Bk «9 Black 
P. n Flnfe 
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Reaotion of at aiffereftt pK v&lumt 
In order t© Ejak© tli© test speeiflc for ferrous 
ions the reset!©n of fermm ennotiluB sulfate eoltttioii 
was sftidisS mt fiiffermt pH ^liics. Th© pU vclue was 
t>y dllmto ^^ gSO^ * fhe w&mltB er® ettmarieed 
is table ¥11• 
^ A B I. S 
HRAOflOU OF Te*^ Af BIPFERMIf pB VAMJBS 
0©l©r of toen^e eii^ges Ifi 
pn miu© '' ' ' • • ' 
2 Z Mia* 10 sdiit 
e.s Blackish Blaek Blaek 
©•0 >f if tf 
4.0 ff t f » if 
3.0 Blaekish • f 
S.O Colorless Or^ ft 
1.0 ©olerlees Blao&ieh 
g^yfif? f^ ^^^^^ with ^n^ t^ fifia 
n U U } in pruaenca of none useful recffents 
Ifi orior to fsoke tlx© teot opeoiflo the teat im© 
performed after trestDeat t i^th soise reagent© eo that the 
interferaaee of Sn'*^ ^ and 11(111) my h® recovefi* the 
restate ere mxmmrlB^ is table VIII. 
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f A B I, E nil 
^mf mm sfAtfric noOTSAfK Affm THFAfise mm 
sons tispKiii mmifmn 
Hqei® of tUB 
reugeiit 





g&VG ( • ) 
test* 
Hiiouifes 









IttRctioft ef ©teg^ nic jBOlyMnti? with oyjaonie jgultst^ meeet 
Wfem 3 - 4 d^ps of tlie folld^ng oufesttmces 
eppliet to e fm laeafis ef the exehencei?, no oolor wee 
obtaiaci eittior in ©oW ©r ©s tioatiixg* 
AXeehQlei Isosayl ale©hol anS oetyl alcoii0l» 
Fetroleata toeieaaot toluene* 
aaliesrlftlflel^def ©aisaldohyaet 
m^nitrofeeiiBaldefejrde, and 
Kgl^ g f^ Ith^lseetato, Methyloacalete, 
distJiylsialoiiRtet ethylinaloaat©, etfejrlaeetoaoatatet 
etlsyleyaisoao^tati©, 
Ktlieget diojrafi fm<l teopi^ opyl 
getenesi AcotOBe^  lEotea©t ettoyl 
oatJ^l ketonof acetoplieiitoiie § di*»ieo-btJtyi Setotie, ana 
jjgj^Bt Acsetie pfoptenid ©cid, butyric eold| 
isobutyrie aei^t aeetle bencoie aold^ imd 
tk^mmn soltiti^ns ©t « eitric tartaric 
phtliftlie afibsfdiiae, selicylic acid, cslnnocic scidt »3mlic 
eeld aaii acid* 
toimeat SSet^ rlwain© (SQjS), dietfeylaniXitie, 
sna tTietlaylisiaJlRe. 
Agldeet Fo£mii3id0 tmS sdXtitioiis of I ^ootanilidet 
McotifiGE^a©, ItatiypisMi© ena cfelemoetaaiae* 
Ofigbebgirateea ©olntiess oft fsaanitolt 
eeX2,oMoee* lactoe© md e^ilMlo&a* 
Fell©wing gaire no aSooxptioifi in cold 
faif© blsok adearptioii on iieatifi^ is 
H^ohoXsi Hethaaiolt etliaiiolt n-pa?opeaol, fi«-l»ut€molf 
dll^X eleoibtoX m^ isopr&panol* 
eeetaldel^i© a»d orotoiialdeftyde, 
Aeidei k^mnB seeorMc aeld. 
Bydyaalneet Pfecm^Uiydrsssia® and sesdeer^aisiae* 
Qarliohydifgkteat AQtteouta @eXtitiono ofs ^Xueoaat fruetooe 
and aucrooa* 
ffe© bead® turaed Vim oa feeattng with fostalo sold 
while they turned biaeJt la tl^ © of toydraclaa 
hydrate 1» ©old. 
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B I S e i f S S I O H 
stannic aol^liaete appeofs to b© senslfiire 
n&lGQtim for ftrrcna® ions. B© othor eatioa gives this 
test* A Ottsfeer of tm^ema fetiire beea run ccmtaiiaiiig f©"*"®. 
In it<jae ©f ms deteotefi. It tHorefore oppears 
that tli© aereurous liitrate trestoemt doee not retooe fe*® 
suffioi^tly to ^Iv© 6 test nith otaanio molybaate. 
Hof»©ver, i f t© the We*^  solutioa a l ittle H0i 4e afideS 
folIow«a hf ©xeess ©f i^ae oetal* tfeim tfea test solotioa 
m daeantaticm gives a positive test isith atsnnic noiy-
tsdate* It i© pooaibl® tMt a©iybaenui3 is raduced by tb© 
feri?9«0 i©as to a etibat^ca eontainiag aolybdemjc 
in tlie loner etata* Color iat^aeity iacreaacs 
witb pH tbe i© iao?aaea& fsro® 1 to (table Vtl}^ 
In t&a eao© of farrou© solutioa the aansitivity 
lias bam S/ig tm 0*1 lA C4 drops)* It is poa^ble 
to aeteot BEa3.1er effiotint of Fa*® by toting one drop 
(O.OE5 lal) of tm teat soltitioa end then 1.80 jkK^ of Fe"^ ^ 
em b© dataeted* 
hU¥mmm oifm 
1. Urn FU i^meto* Giieinist Ame2.ygt* 49, 4 (i960)* 
H. QoresM sua Sawatt Inora* Chea* 
(In press)* 
3. l a .K . ^mWmV, end F.H, PoUaM, 
mss# Faraday* Soe*t 183 (1040)* 
U AP T E E tr 
SPieiFlC SEPAMflOll OP OAmUM, G01.B MB tlAOHESlUK 
AH1> S^AEAflOtl OF Bi> ^  Oa OS SfJiHWC nOSYBBATB 
TAyEHS 
l»®peirs io|>re'»ii&t©€ i»itli ien ex©lie»0ero cosbine the 
©arentBges of tm ©scliafige, adsorptioa and partition. Such 
papers are therefore pasticwlarly useful in difficult sepa-
rationa. fhe oeparattons achieved tfi thl© aanner are repid^ 
seleotive bM elean ««lth the fiiocevery of inorganie ion 
esschangers the ^slue of such paper© has increased consider-
ably* How i t i© peseiljle to prepare the papere v%rj eaeily 
in the l&tooratorF Cl-^l and the coneentration ©« well a© 
the nature of the ion exehenger eaa be varied at wil l . For 
theee reaaone a ejete^tie etud^ of euoh papere needo parti-
cular attention* l^ederer et al (8> have described sone 
interesting studies oa airoonlus phosphate papers showing 
the effect of pH^  nature of the acid used in the elu@at» 
oonoentration of the esehanger on the paper etc. Heeently 
a ©yetes^tie etud^ was r^orted on etaanio phosphate and 
stan?iio tungetate papers (6) . fhie study ohotjed that these 
papers are very selostive, difficult separations can be 
achieved very easily and the time required to achieve clean 
s^arstions Is vmf alJisut tsintstts* aoweveie 
m teo hem on otaimio ©oXybdate 
papers* fk@ pr©£»ent elia^ter deals ^ th tht cbroiaotoijrephy 
of iiiti§«j?otie set©! ton© on pepere. 
4' 
ifeDaratmei dn-osatogreplay ms p©rfo:^ed on t?hatiaan Ho* 1 
paper stiiip© of dlge 14 by 3 ca» uoing 20 t>y 5 glass 
Jars, 
^ea^tntst OliesiiQals smfl eel^ents were ©itiier E» Merck 
(ll^mstaSt) or Anelar grade. Stannie ohlor&de peat©-
feydrat^ (PolMid} and sodta© solybiat© aiodel (Genaeny) were 
grepftTOtioa ^f ion exi^age jsaeergs Aqueous soliitioiie of 
steiiRic efeloride (0#86W) anfi ©odium noXybdate (0#28!S) werd 
prepared* Paper ©trips of re{|Ulred sis© were f irtt lispr«» 
gnated la ataniiis chl©ride eolutloa for S-8 aeeonds* 
€3(0666 of the reagent rse resov«d toy placing the strips o'^ ar 
a fi lter paper aho©t aad alleised to dry fer IB sal nut as at 
raoa teiaparature*, the etrips were then dipped iato eodlua 
iaolyfedate solutloE for 5 secsoadOf the exease solatioa draiaad 
off and the ©trips ware plaoed over a fi lter eli««t» S^oee 
otripB were drlad at rooa taiapex^ture sand thea washad 
distilled water la order to roaova tfte axcas© of the reagaato* 
finally tha^o wara dried at room tcnparatur® and «6ed aa such 
for oiix^iaato^eij&y* 
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feet goitttloRQg OmtM eolations of etiPLoilSo6ff nitirfttes or 
etilfatss of moot of the ©ation® user© is 0«1I3 solution 
of tlie aelde. Platinwra wire wee dlsseli^sa ia 
regis ©fid i?ith water to giire solution of 
platt«\Ma» OtlM mtlmis^ end bisemtli chlorl^os prepc^ r&S, 
in ead S.fll HOI solutions reepeetively. ooltttioae 
of gold im4 gellttiB <$hlowi.&0m were prepared la 4f3 HCl 
sol^stioa sioblu® pentaoHloriSe wao prepared la 10^  
tartaric ©eiai. 0.111 eoiia® tsagstate, eoSltitu nolybdfttet 
potttnalua olilorMe, eaesitiii ohloiriae ana irafeieita® clilorlde 
were prepsrei Is aiiitllled water* Seleitttiia dlozido was 
aisselTTod In water and ellsfiline i?ith IR KOH* 0*ltt 
telliiriim soltttloa mm prepared isy lieatlag telliii^iim aetel 
with eoRc. t i l l the residue feeo^e and dissol^ag 
la IS RO^ !* oijrlo eulfat© wa® prepared Ifi 3,61 g^®® *^ 
A Jf§ titoHiiasi 80l«tl0n mm prepared hy dllutlas itoelar 
gradfj tltettlc ehloride tdtfa Hsi ead trster* fhe valeaslee 
of the cotloas are m follow© asleo® otherifiso ^ea-
tloaedt Ag( I ) , m i l l , HgCll), t u t u SiCllDt Cd(II), 
Fd(ii), ste(m)f FoCiii), caCii), trOg(n)p crcni ) , 
fminu asCll), iCl lDi SrClf), fhClir), OeClV), M H D t 
l a ( m ) , CaClDt Hfd?'), f i c m » /il ( in), BeCIIJ, 
Pt ( I f ) , SeCl^)t feCl?), A«(III|i 
auCllDi BaClDi SirClI), HMD* Cs(I>, Hgdl) , 
M l l D i Co(Il), esjid 
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l^ eteetogQi Agf Fbf HgCDt %i Bi, Sd, Pd, Sti aaS 
A0 son^s wflr© ieteeted ®itls yellow sstmoalus sulfide soltttioaj 
Fe, Vt 0tt and aqiiedue ©olution. Aleoholio 
tipfeen^losr^EEii© was to aetect th© Ort ^ ead Zn spots 
aleoliQlie AltmrinB Hefi-s for ft Si^ f Ihg Ce(III)f 
Ce^  J^t ^^t ^ ^ spots* Alt Be Sa mere 
with alosJiolio slusdnon eolutloo. h freeh solution 
of &&Mm cofealtisltrtt® wbb tss©^  to detoot Kf Hb end Cs 
ea<l ©taimoB© ©hlo^i^© in 4S Hal for Pt, So, Se, W afi6 
Asi was aetoetea "by alooholic liy4roqvliione# fhiomrea 
im sn^  HCl mm used to ieteet A fresh a(|U€»0U8 soMua 
rfeodSgonate tin insiitr©! meaisaa was ttoed to 4eteet Ba snd 
Alooholie Quiaall carta© stiS aqueous SgFoCCH)^  used to 
detect Mg respectively. Co enfi Hi wore deteetoft 
with eleoholSe diisotlsylglyoxim* 
©fot® of teat aolutioiio wore spotted 
sdth the help of thin ^lesa oapilairioo. Tho paper was 
allowed for IS siaistes coRditioniag aad the eolveat was 
then allowed to ascend (elweiye 11 casK fho front l ioit 
Cfij^ ) and the rear limit (W^) is meaeured. 
If, E s u i* f s 
file rGSttlt® of a ©f 47 catio»e in 11 soivcait 
©jrsteas ar© ®tt!^artse<S, ttm 
f A S B I t 










fe 0.00 o.se 0.00 0.00 0.00 0.82 0.00 
t • • 0.00 0.00 0.S6 0.00 1.00 0.00 
IT • 0.42 0.00 - 0.00 0.00 
m 0.6S OrnOO 1.00 0.?3 0.00 0,00 1.00 0.76 
It} 1,00 O.sg 0.00 O.Sl O.IS 0.73 0.00 
Ba i.oo 0.80 0,80 0.06 mm 0.00 0.00 
SJP 1.00 0.80 0.06 0.S4 o.is 0.00 0.00 
K • 0.31 O.ES 0.00 0.00 o.c^ 0.00 
m 0.91 0.63 0.30 O.iO 0.00 0.00 0.00 0*00 
0.04 0.63 0.30 0.00 0.00 0.00 0.00 0.00 
% 1.00 0.§g 0#S2 0.09 o.ga O.IO 1.00 0.40 




A© 0.80 0.60 0.00 0.68 0.4? 1.00 0.00 
Co 1.00 0.80 0.^4 0.06 0.41 0.33 0.17 0.08 
HI 1.00 0.3S O.li 0 . ^ 0.00 0.00 0.00 












Ag o.ai 0.00 0.00 0.00 0.22 0.00 0.36 0.00 
m 0.8S! 0.42 0.40 0.00 0.24 0.00 0.54 0.00 
mil) 0.S8 0.00 0.00 0.00 0.34 0.00 o.so 0.00 
m 0.70 0.04 0*6@ 0.61 0.95 0.8S 0.92 0.7g 
f i 0,46 0.00 0.28 0.00 0.00 0.00 0.00 0.00 
B1 0,91 0.00 0.64 0.40 0.34 0.10 0.70 0.36 
o , n 0.6® 0.66 0.60 0.60 0.40 0.06 0.48 
m 0«98 0.6g 0.04 0.00 0.S8 0.04 0.68 0.43 
Bh 0,08 0.00 0.66 0.38 0.80 0*54 m- « » 
F© l^ OQ O.OO 0.67 0 . ^ 1.00 0.91 1.00 0.00 
? 1.00 0.00 0.31 0.1® 0.13 0.02 0.S4 0.00 
Cu o»m 0.88 0.45 0.27 0.54 0.33 0.70 0.33 
nOg 1.00 0.80 0.@1 0.g7 0.57 0.34 0.77 0.33 
Cr 0.9& 0.8i 0.4S 0.00 0 . ^ 0.06 0.09 0.00 
• O.S? 0.18 0.23 0.12 0.10 O.OS 
zn • o.gs 0.48 0.73 0.62 0.74 0.48 
t 0.99 0.88 0.20 0.10 0.00 0.00 0.00 0.00 
2r 0.16 0.00 0 . ^ 0.00 0.04 0.00 0.00 0.00 
m 0.90 0.6S 0.20 0.04 0.09 0.00 0.36 0.00 
0eCm) 0.9S 0.8i 0.20 0.07 0.00 0.00 0.00 





1 g 3 4 
% % 
Ce 0.90 0.H> 0.06 0.00 0.00 0.00 0.00 
U, 1.00 0.04 O.gO 0.10 0,00 0.00 •• 
In 1.00 0.93 0.68 0 . ^ 0.46 0.30 0.63 0.45 
m •as - 0.00 0.20 0.00 0.00 0.59 0.00 
Ca 1.00 0.91 0.29 0.14 0.14 o.og 0.00 0.00 
Hf o.go 0.00 0.09 
/ 
0.00 0.09 0.00 0.00 0.00 
Si 0.4S 0.00 0.22 0.00 0.38 0.00 0.09 0.00 
Al 1.00 0.9S 0.38 0.14 0.18 0.06 0.00 0.00 
B© 1.00 0.01 0.5S 0.31 0.45 0.S5 0.11 0.01 
®B l.OO 0.9g 0.70 0.60 1.00 0.91 0.98 0.77 
Pt 0.80 0.00 0.70 0.60 « • 0.63 0.40 
Se 0.03 O.OO O.S0 0.00 0.31 0.00 1.00 0.00 
S A B li E IX 
C Oontiiiited) 
Solvents 3 6 7 8 
Cation % % % % 
f© 0.00 0.00 0.00 0.00 0.00 0.00 « 
V 0.00 0.00 0.00 0.00 0.00 0.00 0.45 0.00 
IT 0.00 0.00 « » o . u 0.00 0.00 0.00 
AU i.OO 0.84 1.00 0.86 0.i4 0.3S 1.00 0.77 
8u 0.46 0.00 0.24 0.00 1.00 0.00 0.60 0.00 
Bit 0.1© 0.03 O.gg 0.00 1.00 0.98 0.00 0.00 
Sr 0.30 0.13 0.00 0.00 1.00 0.90 0.00 OM 
K 0.32 0«E1 0.46 o.ge •m 0.00 0.00 
Eb 0.33 0.42 0.S8 - 0.00 0.00 
Cs 0.3S2 o.ai 0.38 o.go 0.08 0.80 0.00 0.00 
m 0.31 0.18 O.S0 0.82 1.00 0.94 0.00 0.00 
Fe(ll) o.ie 0.00 0.31 0.00 1.00 o«oo 0.63 O.SO 
As 0.91 0.48 - 0.60 0.00 1.00 0.00 
Oo 0*22 0.10 0.38 0.18 1.00 0.98 0.83 o.ie 
Wi 0.33 0.10 0.34 0.11? 1.00 0.81 0.10 0.00 
m 0.00 0.00 O.gl 0.00 0.00 0.00 0.51 0.00 
Pb 0.08 0.00 O.g© 0.96 O.SO 0.40 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.86 0.00 
Hg 0.81 0.4S o.sa 0.P3 1.00 0.85 0.98 0.71 
f l 0.00 0.00 0.02 0.18 0.60 0.00 0.00 0.00 
B1 0.60 O.IB 0.73 0^46 1.00 0.98 0.70 0.54 
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6 7 8 
% % 
m 0,34 O.^S 0.41 1.00 0.94 0.4S 0.40 
m 0.04 0.32 0.3S 1.00 0.t9 0.€3 0.43 
Ste 0.00 O.gg 0.00 0.08 0.00 0.81 0.84 
Fe 0.00 0.g4 o.oo 0.91 o.Oo 0.80 0.80 
V 0#24 0.00 0.43 0.14 0.94 0.S8 0.28 0.02 
Qu 0.31 o.oo 0.3« 0.00 1.00 0.98 0.40 0.31 
OOg o.es 0.78 0.34 O.0S 0.86 0.77 0.31 
Gr 0,22 0.00 0.32 0.16 0.98 0.84 0.09 0.00 
m 0#g6 0.14 0.40 0.26 0.96 0.83 0.14 0.03 
Zn 0«S0 0.29 0.30 0.1^ 1.00 0.92 0.78 0.84 
t O.IB 6.00 0.32 0.14 0.98 0.82 0.00 0.00 
Zt 0.02 0.00 0.08 0.00 0.13 0.00 0.00 0.00 
Th 0.00 0.00 0.42 0.00 « » • 0«34 0.00 
Ce (m) O.IS 6.00 0.30 0.18 0.94 0.83 0.00 0.00 
Ge 0.91 o.?e 0.30 0.00 0.00 0.00 0.00 0.00 
0.20 0.00 0.30 0.13 1.00 0.86 0.00 0.00 
0.00 0.00 
I® 0*14 0.00 0.68 0.32 1.00 0.00 0.68 0.@4 
0.00 0.00 
m 0.20 0.00 0.00 0.00 - 0.60 0.00 
Ga 0.32 0.13 0.41 0.27 1.00 0.96 0.36 0.00 
f A B L 1 iir 
(OoBti^uedl) 
Solvents § f 8 
Cation % % 
Hf 0.00 0*00 0.00 0.00 0.00 0«(K> 0.00 
f i 0.00 0.00 0.18 0.00 0.86 0.00 0.05 0.00 
Al 0.B4 0.10 0.40 0.10 1.00 0.96 0.00 0.00 
Be 0.4S O#S0 0.65 0.46 i.OO 0.94 0.16 o.c® 
Oa 0.4S 0.00 0.42 0.20 1.00 0.96 0.92 0.77 
l^ t 0.00 0.00 0.S8 0.00 0.06 0.66 0.77 0.68 
Se 0.00 0.00 0.00 0.00 0.13 0.00 
9 
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fe o.ts 0.00 0.8S 0.01 0.00 
^ 0.40 0.00 0.4© 0.00 0.30 0.00 
Ir 1.00 0.00 m • <•» 
AU 0.66 0.S® 1.00 0.89 1.00 0«a@ 
0.00 0.00 
m 1.00 0.00 ©.f0 0.00 0.00 0.00 
Sa i.OO 0.89 0.00 
8r 1.00 o.to 0.46 0.21 0 . ^ 0.00 
t um 0.86 o.sg 0.00 0,00 
m 0.98 0.3i 0.S4 0.46 0.00 0.00 
1.00 0.0S 0.14 0.00 0.03 0.00 
Kg 0.00 0.00 1.00 0.00 l*CQ 0.00 
Mm Mk 0.91 0.80 0.70 O.Sf 
A& 1.00 0*00 1.00 0.00 1.00 0.00 
e© 1.00 0.SO 0.€4 0.40 0.S2 0.10 
m 1.00 0.i8 0.r? 0.86 0.00 0.00 
Ag 0.00 0.00 0.137 0.00 0.90 0.00 
Vh 0.?f 0.S6 m 0.32 0.00 
BgCX) 0.00 0.00 0.00 0.00 0.00 0.00 
Hg 0.00 0,00 « m 0.00 0.73 
f l 0.00 0.00 0.00 0.00 0.00 0.00 
Bi i.OO 0.0S 0.93 o.is 0.80 0.S6 
cd 1.00 O.0g 0.90 0 . ^ m mr 
f A B L K 1% 
(Costtnued) 
Solvent® 9 10 11 
% % % % % % 
m UQQ 0.90 0.90 0.77 0.8S 0.40 
0.00 0.00 1.00 0.89 -
Fe 0.00 0.88 0.76 0.78 0.00 
? w • 0.88 0.64 0.18 0.00 
On 1*00 o*m 0.70 0.54 0.44 0.24 
0.92 0.57 0.75 0.27 
cr o.n 0.50 0.08 0.00 
l.OO 0.68 0.36 0.S2 0.04 
En t.OO 0.90 0.96 0.86 0.00 0.70 
t - G.SO 0.00 0.00 0.00 
El? 0.00 0.00 0.3g 0.00 0.10 0.00 
fh l.OO 0.00 0.40 0.i€ 0.34 0.00 
Ce(OI) oa4 0.00 0.4a O.SO 0.90 O.«0 
0.00 0.00 
C© - •a* 0.40 0.80 0.00 0.00 
o.ss 0.40 0.26 1.00 0.SS 
In 0.86 0.63 Q»B? 0.65 0.7a 0.40 
0#00 0.00 
l?b 0*2? 0.00 O.Sg 0.00 0.60 0.00 
0a m 0.31 0.00 0.00 
nt 0.00 0.00 0.70 0.00 0.00 0.00 
f i 0.00 0.00 0.66 0.00 0.10 0.00 
1.00 0.90 0.88 0.80 0.00 0.00 
T il B B 13t 
Solwati? 9 10 tl 
Q&tton % % % % % % 
•^OO O»0O ©•93 O,?® 0.2S 0.03 
Cle i.OO 0»9g 0»9g 0.8S 0*00 
Pt u m 0*08 • - 0.1^ 
®e OmM ©.OS 1.00 0,S6 ©*00 
S©lvemt eysteas usd woret 
Cl) O^iM 8itrS« ft^a 
CS) Aeetone iiottie aei^ B-lmtgnoi • HCl Cl i l i i i l ) 
CS) ESI 
(4) mt^lrnBtl^X • RO0t©ae • BQt^  HCl {7tSil) 
W * eoetle ^ i^-lmfenoi •t- tH HaCl ( i s i t l i i ) 
(6) Aoetofie « seetie mtd • s^tsutanol # 4K imo^ C is lt lt l ) 
(7) ©•SlI HCl KCl eetwrsted (111) 
(8) Kthyl setli^ Tl ^etmQ * aeetone 60?S RCl (6iSil) 
(9) m SgFO^ • MSI Cttl) 
(10) * 50^ HCl (3iSs@) 
(111 HthyXmBtl^ l feetea© • ®eet©iie • dO?S HCl (isStl)* 
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B I S O 0 S 8 I O H 
A Ktiiafeer of iRt«r©stl»g puiRta energ© from, this 
(a) fbe Ef viatieo ©f aetel ions or© also©"! tlie ©cus© 
for tfe© osae Sewloper whether the Ion excheager 
is stOTiRjjes BolyMst© or etamiic plioopfeste or 
ste^nic t»ng£jtate (6),This is oleo? froo the Hf 
values ^t-ren la ta^le 
TABLE t 
Q^^AMfltB M VAitlES m SOME lIEfAl. I017S On SfAIHIIC 
ootTBDAfE (s.iuK B'^mnw mmmAW (s.t*) mt> STAMIIC 























©•74 0.7? Cd 0.00 0.03 
fli 0.04 0.01 0.81 0.80 
Al Otlg 0.07 All 0.43 0.40 
Ba 0.40 0.S8 llf 0.07 0.00 
0.45 0.4© If 0.90 0.8S 
m 0.14 0.13 
m 0.17 o.gi 
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(b) fhe paper® ©how ^oeXlmt seleetivitjf when developed 
with cjlseed ealTeats* Jm^  solvent is efficient 
eiiow^ to gtire seiae interesting eepBTation©. 
Ce) fh© results are rei>i»eaueible m^ the preporatism 
is eeey imd i® net s difficult techi^que* 
(d) Being onlj eleven eolwnts e ntiaber of Interestiiig 
eepsratiiotis appeal? to fee poeeibXe* 
(4) Separatioa of Au from latimejpouo oetal ions 
soetose * aeetic eeid *• R-^ toutanol # 
4tU HCl Ci8iiltl) a© developert 
fhi© s^aratloa is elsost speoific# 
Probably thie is tbe best eeparetioa of gold 
^et E^en ab end tJ ^ Meh laterfere 
in the method of Eauber C7)t ^^^ interfere 
in thie e&ee* 
( i i ) Soparation of Mg froB nttsserouo ©etal ionat 
llg be eeparated fro® Csf Sr* Ba* fibf 
Cs, ft 2r, Sf, Ce(IIl), f i , ta, Go, % f^t 
f l , 4f5t C3?| HgCDt ^iijP^ aad Cu nsing ethyl 
aetJiyl tetone • acetone • HOI (3i6t§) 
eol'rent sjetea* fbe aeparatlon of Mg froo 
Ca is pBJftietaXerly useful. 
( i i i ) Separation of Hb froo Cm ^ i o ©oparstioa is 
very aoetl^ mt^e^e^ tisins ethyl met feeton© # 
feeetoae SO^  HCl m developer* fills is 
om &f the i3©0t difficult sepGre^eae of all 
the ©©|>arati0«9 reported itt tli© litejfatare tMs 
app#ar«i t® %e th© feeet* fM© z^tif Is ©•g iitoieh 
a cl^efi separation. 
(iir) Al- B© • Ga » fhie sepuratioft 1® esellir aelil©i?ei 
in g biitirs using a-fettteaol # Hei (7i3) as laobile 
Cir) Ga - B&t ©r Al, 9P f l • Im flilo eepamtion I0 ^ 
In ulnitte© tisin^ eth^I metl^l ketosio 
• aeetoae 4 ICl (1.1681> as solvent* It is 
posdLDIe that if longer developisent tloe is g^vm 
AX « B© - 0a « la asay fe© However 
further etii% lo aee€©d hefor© the ful l volue of 
&t&mtQ molyM&te papers em aseeoeea. 
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C H A P T E R 7 
QtfABnunw sEfiiiiAfioij op xnowt Ai-uiiimrK! Aim nfjmzm 
Bf PAPIH GSEOlAf<^ @HAmf 
Ii*d&t aXtiraintiia and titanium are difficult to 
separate h^ clm&iCQl mmm» Mcourt ( t ) developed a 
quantitative saparetion of iiroit, slimiawia and tita«luiB, 
Her seperation Q^ affs3?s froia isiany liisitfiti©n©« ( i ) iroa 
md tltasioia are separated mly if tlie sarapXe ie prepared 
ia a particular taannert <ii) tbe aethod oaa not be used 
for vauyins ratio® of iron, titenitifs and &l«minuia# Thus 
aooordlng to llaoeki ^wiien the samples are applied as 
aolutlone in oitrie aoid or in acetate buffer, al l 
three oatione are s^arated* Wh&st the cationa are dissolved 
in dil, HCl or in dil. HHO^ , titaaiua end iron aigrate 
/ 
as a single i5©m€s'*(g)* As a result her ©ethod has not 
gained wide aoooptanoe* Paper chr©»atogrsphy was therefore 
undert^en to ©eparate quantitatively iron, aluiainua and 
titaaiui!!* 
I X F E B l l l E S f A L 
A&pRratiaei Sevelopaeut was perfo«ao6 la by S es* 
glmB Jar® esjpioirliie the aoeeBdlug tecl!ini<|«e» fhe Aloen-
0ioii of the paper otilp i^e h^ 4 Bdtiis&tieiii was 
4©ise en B«iiseh l«0mb SpeetToisie-SO <O.S«A»). All pH 
aeesureaeata isode on pB ®©ter L'odel CBI»10O, 
India), l^ atiaesi Bom 1 peeper was for al l 
<|ttamtitGtivo wosk. 
Reagemtoi Staia^ iis^ S tltaiiiti^ solution eoKtsinlng 
40 og, fl/al wao by dlliitiag enslar crade titaziie 
eliloride ediwtim with «il*it« tefdroolilorio acid and mam 
stamdairdised agi^net ^feriilo mtsnQtiinm sulfate 
©tock eelutiOR of ferde eaaoaiwa eulfate 
eonteining 34.8S mg ©f Fi/ai was prepared in milftirie 
acid* 
The ©toefe: solution ©f eluisin«© oonti^ning 8»S37 sag* 
Al/m% wma prepared in ^ ^ wne st&ndardieed against 
E m (4). 
f&e developer used was f©r®io a<sld * hydroctolori© 
0eid eeetone tn the ratio of (3«4i3), fitani«t5» iitint 
©lid aliiiisin«ia were detected aleoholic sliearine Hed-S. 
Proeedurei A tsiscttirs of titeMi^t iron snd eluiainum 
was applies on the line of application with the help of 
pipette* Sh© 3trip@ wore dried in ^ r cmS oettizBted for 
fifteen lainutos ^^tli the vapours of developer. Ihe deve-
loper was elltowod to oaeend em. After drying the 
paper was deteoted* Pilot and blenk were rua eisiultimeouiolj 
and wore detected likefrlse* A hjrdroohlorlo acid eolti* 
tion wee ueed ae blank* Seperate sonee for titeniuQf iron 
end aluMnuis were cut into eiaall pieces* fit&eiuo and 
aliM^nwia were elated separately thriee with aulfttric 
acid taking iD ml aliquot each tiise and heating on water 
hath for one hour* l^ he elating reagent for iron m&B 
hydrochloric actfi* fheae papers after elution were waohed 
twice with 10 lal of distilled water and heating for fifteen 
Qlnutes and the washings were nixed with the elu^t* fhe 
final voltme (SO ®1) was reduced to 2-3 m% hy evaporation 
on water hath* 3!he paper ptxlp iresiaining in the container 
waa oxidieed hy adding S ml* of the eiisEture of nitric acid 
end perchloric acid ( l i3) ^ al of sulfuric acid* She 
solution was evaporated to 0*5-1 al* fhe detenaination of 
titanittja, iron aad ali^nus were a one spootrophotosetrioally 
by eulfosaHcylic add (5) } lO-ph@naathroline (6)| and 
exlochrotse cyanine-H (?) reepectively* 
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1 II S U jL S S 
0,01 sa ClO>v > ©f a Bdxtare of MlXJ) 
fiA4 AlCXII) tme oppliea on the paper etrlps t)ie hell? 
Qf y^'i'pipette* The mmrn Qf f i t Fe m^ were otit* 
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QQunMerlng the lax'ge anmber of nc^aratidne 
r^orteS fey paper s^teroaatograplisr it ie surprising that 
^©•fi-Al have s^arateS by a f w woriEers. 
Froi^ at^ ly only Xiaedurt has studied the duaatitati're aspeota 
of tliia ae^aration* file mathoS of aapa^ation deeorihed 
here la better thaa that of l^ aootirt ia the t^ tXmAng^  aspeotai 
( i ) Wq apeoial sethoS ie necessary for the reparation 
of the aanpie* 
( i i ) Hone of the oomon cations affect this separation 
except thoec i^ch precipitate the eetale. Even 
then the precipitate my be die solved in a coi^Iex-
ing agent i«e« tartrate etS. and the chroisatography 
can be performed aa ueual* 
( i i i ) fhe highly acidic mediura ^euree ^lat the ai^pne of 
wea^  acids are preaent in the aoid fofsia and hence 
such animm ea tartrate! citratet which are ei^ected 
to interfere in the cocason chroisatographio aepara^ 




I* Iia©o«rtf 6H* Soiim©r«pis md Q» Wastterf 
•*fr©eeeiimg® of tti« lateimetional Cosgress on 
toalytical CMial0tfyt Oxferdt England*** pp. 387-97, 
tmU* n&lm f * '•Papsr eijroiastegpapiiyi 
h ttX Mitiont Aoadeiaio 
Kew f erl end Fixblisiiiiig himse of the 
afseefeoeloir. Aqo^* of lBcieiioeo» Pragu«» 873 (1963)* 
soltlioff ana VmS* ll-^ngt "freatlB® on 
AB^ytical I2t Tol« St lttter«ei«aee 
Fubli8it0f@» Tork • Xioiiaoiif Ci^^D* 
4« F*^* '^ffee ^Hslytioftl «a©« of sthyl#»e 
tetrmeetie aeld^t I I Eda. D. Vim. Soatrawdt 
Ce«» lac* ^rlfieetoiit Sew 165-^ 66 {i058) 
i* end 0» Gl#as©rt anal* Cheia** 139* 
m i%Bm)» 
B.l. Saa«olX» "Colorloetrio Satewilnation of traces 
of BM CraidLsed lutaraoiaace 
Ftil^lieliers* Xii€;«» ISaw Toi:^ * 641 (i999)» 
7m tisima, cues** pQ.^  IXlt (1948)» 
C l H A P f S B n 
SFisfsofHOfosi^fEic niismimtmcm OF fifAtamt wtm 
tern ©peetropliQtomfitieIc metlioa© are atf»tlal5le 
f o r detenednation of t l t an i^B nsfeiefe sre sensittire ©ad 
fr«@ frois ijaterfermeeo* Zlmgler (1) tteefi the yellow color 
with aei^ for tHa deterjainatioii, ©f titsffiiua. 
ii^mrdtng t© Sand^ll CB), ''An attreoti^e feature of this 
aethoi i® the ii€siiliit®i?f#r®nee of eoisaon metal ss alusintimt 
mmgmmi^ t an^ l ftie effect of lees 
CEomon element© re^tilFea inwrntigmttom'* • eulfoseli-
e,flie eeid raeth^a m® tfe©ifefor« isireetigetedl In aetsil «dth 
t® th® proper wftTOl©ngtli» th© iaterferenees of eoomon 
enioast less coftimon eatSonai effoet of tigiaperataren IJ&e 
possible masking; of interfarSrig lone has also been film<5iedi« 
6? 
Ai^ oagattioj Speetropliotometrie studies wei?® perfoaae^ oa 
Baascii ana Sp^ctronic-BO. pH seauwr^eats were ao«© 
on pi met^ r mod®! H-lO (BMOOt Hydem^a*!, InaSa). 
;aeaKentas Stmdera titatilwa soliition was prepered 
aisaolirifig i.OO grajs ot titenita® In 100 ial# of 
concentrated sulfwrie aei^ cont«iiiiliig SO graias of asasaoniua 
sulfate atid diluted to a llter# fhe resulting solutloa 
contained lag* tltaniu® per isl. It wee stendar^iEeS 
with ferric alius (3) . To tea isilliliter© ©f thie were 
10 ml aulftiric aei^ and 5 gii®» of amoaittta oulfate. 
It was then diluted te 100 ml witfe dlatillad water• 
Aoetete Ijwffer was prepared hf dissolving 6.5 gra©e 
of Qodia© a©et8t© and lO.S ml of glaolal acetic acid in 
water aufi makimg It t© on© liter, pH wa© 
A milfosallcylio aci^ solution was prepared by 
dissolving tlie re«ittire<l ©Eomt of eulfoeallcylio acid in 
water ana the aolntlon «ras filtered i f it isfas not clear. 
Sft ferrie aliloride ©oltttlon wae prepared by dieaol^ 
iag 5 grmao of ferric ofeloride in water end 8 - 1 0 drope of 
eonceatrat©^ liydr©tthl03?ie aeid were added to check the 
hydrolfsist 
All the choKlcals were of roageiit gyade. 
Prooediirei IJa^ e § • 10 lal of titaaluQ soXuSion oli|?fetly 
scidie, ©I ti) in a 50 ol volmetiflo flask. Add 
5 sjI of 20^ eulfoaalicylic ocia md one drop of ferric 
cisloride solution., fhea add a«smoEiie until the co lor changes 
to yellowt followed tiy 20 ml of hntfer solution, Mx add 
0 lal of fresh meroaptoacetio acid solution and dilute 
to 50 ml hj water. After 10 isilnwtao take the ahsorbanee at 
350 ffiya against the bl^k* fhe color is stable and ia pro-
portional to titanlus ©oneentration. 
R B S 0 L f S 
Spectrus! ©f titffftiuo milfosftllojrlle eeld oonplex: 
Applying the abo^s procedure for a solution contain-
ing SOyag of titesluni the nhmrhmae was taken at various 
WBirelenetfes (328 - 6§0 mJ^,) the reaulte are plotted 
in figure 9. 
the oiaitifMim oeeurs at 55S » /A • 
fise verouo absorfeesc© studies ehowed that no eigni-
fieent chaag© ooouro upto £0 lioure (figure 10). 
pH v^ ereu® afesorbsmce studiee wre also made and it 
was found that eolor intensity remains eonetant frora pH 3 
to 5*5 (figure l i ) . 
Oelibrstion Cuygai Alj@or"baae© of the eolutione containing 
0 • laOyUg of titaniusj were taken et 385 nJU * Abaorfeenoo 
cenoentratioE were plotted* which ie e straight line 
(figUF© 18). 
I^ffect of t©gipegQtuge$ fh© color is stable froia 0®C -100®C 
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Bffeet,of loaes Th& tmfluenoe ©f foreign ions on 
titanimo wm aetersinefll following ion© do not Interfere 
l^ien present in tonteed fol^ excess« l!n» Hgt Znt 
fii, Er, I.a, Sn, Qm, fX <o«s), la. Ml, ca, Hg(Il ) , 
ce( i ix) , m\ cx\ i\ Br*, so^'^t aso^-^ 
arocnlte, foi?iaatef chloratet oxalatet iodat©t thlooyanato, 
filtrate* fhe results are sumferiaea in tat>le 3£1I. Ions 
whieli interfere in lOO foia excess in the aboire prooeduro 
aret Bi, Co^  Or, Mo, l^ fl, Ptf fo, tl, V, 
citratot tartrate, S^Og"^, F*. 
Refflotral of interfereaeees was saelcti by sd<3ing 10 
arops of 10^ KCH l^ofore odding sulfoealicylic acid to the 
aboire procejliire* fft© iaterferenc© of Cot Pt» Bi, and 
Cti WBS resovoa i f eseorfeic sold was ueod in place of 
aeroaptoaoetlc acid. The |>reclpitate obtainofi in the caae 
of ?tt F<Sf Bl ana Qu was removes hy oeatrifttelag before 
Baking tha aol^tioa tipt© 50 ei1» fhe reetilts are autsmariKedl 
in table XIIX. 
f ii B S B XII 
EPFBST OF FOB El air I OSS OK tlfmmX BBTmilNATlOH Af 
3SS mu • 




tiOg fowna ^ B^for 
u AlClII) too • 0.00 
s. M X ! ) 08 - g.o 
Ca(Il) too • 0.0 
4. MgClI) 98 - g.o 
a. M ( n ) 98.5 • 1.8 
eiCi?) 100 • 0.00 
7. SrCiv) 104 # 4.0 
8. W m ) lOD.d • 0.5 
9m Sad?) m - 3.0 
10* sndl) 9Q - 1.0 
ii. Ga(lII) - 6.5 
12* mi) - 4.0 
13^  Inilll) «» s.o 
14* mill) lOS ^ 8.0 
IS. ea(ii) 102.§ • S.8 
16, Mgdi) 101 • 1.0 
If* run) m • 1.0 
16* I0§ • S.O 
r 7 / / 







19, Oe(III) 101 • 1.0 
20. 01- lOl.g l.S 
SI, nrs^aatig 104 4. 4.0 
22, afseaite 103 * 3.0 
23, Sulfide « 4.0 
24, forciate 102 ^ 2.0 
BS, 
» 
I 98 - 2t0 
260 
t 
Br 100 • 0.00 
Bf, ClO^ lOg • g.O 
2B, ton • g.O 
S9, m • 2.0 
30. m • <5.0 
31. 01* 100 4 0.00 
BrOg* 9? - 3.0 
d$. 100 * 0.00 
M. Acetato 100 0.00 
3S. 100 ^ 0.00 
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t A B 1, B XIII 
OP m m i m IJSIHG ASGOHBIG ACID AT 3S5 mju. 
t&km « lOoyAj. 
s.lfo. IfspttritS' addea 
eooo^g of 
1?iO« fotmd ?S Efror 
u Go(II) 98 • s.o 
E. mm 100 # 0,00 
3. PdCii) 101 uo 
4. CuClI) 100 • 0,0 
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B I S C ^ S S I O K 
flfe^ e preaeat stuiy shows tfeat In the aulfoselieylie 
aeia methoa even tHe lese noitsison iom likes tb, Er, La, 
Get T, mit Cs do sot interfere ia addition te the 
ions Bentioaea % Siegler Cl)* latoffereaoe due to isetal 
iona like CoCll)» Ft(l?)t PdCII) gM C\i(II) is eofspletely 
reKOvea when aao^rMe acifi ia useS iu pXee© of ffiercnpto-
ecetic ncia. Further 0»S ®1 KOH when added before 
adding Qialfosalie^flle mi A eseily laaeks fiOOOyag of ?d ®nd 
lOOytig of fiOg ie aeeurately dietenaiaedi unS '^r these ecmdl» 
tione no eepamtion is ret^Jired, Out of the verier© 
ai^ ieng tried only tartrate, citrate, fluojfide and thio-
eulfete interfere. "Ihe method is therefore highly eeXectiire 
for the fietenniftatioa of titeniiim. Further sfhen the <!eter-
©iaatiom is p^rfome^ at 355 mjP iaetesdi of 445 m/A. the 
method heeoaee teh tiaee sore eeasitlve# Sisoe now 355 mfx 
lies on the plateau the aethoi ohowld eleo he aaore preeise. 
It therefore appear© that this is prohably the beet method 
for the deteminetlon of titanium* 
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I^ XTBimTtTRB ClfEB 
I* giegler^erwl 0. Sleaser, anal. Cheia** 130# 
(19S3). 
g* IS.B. Sandollf Deterisinetiefi of Traees 
of Itetala**! fltird saition, (revised ana Enlarged), 
Int^vsctmm Fufelie&oap©, lac»t Hew fork, p* 876 (1980), 
S, Edlthoff ©na I'.iT, El^ ringt "freatie^ m Analytical 
fart l it Intersetenee PulJliohere, 
Sew f©rk, Inoafioiti p* 40 ( l f6l )# 
C H i i P f E S m 
mfmiim&non o? mm w mmmoB OF bahito mm 
POfASSIOR FBSROOlfMlBB mtm BMB iUOP flOHHiQUS 
flies?© is tmm^^ tntmmt fiead 6t<5|> tltr%tioii» 
Qt metal Imim wit&i potaQoiuis owing te their 
mad ©isplioSti'. giacs ( i ) t gallium CS)p In&tnm (S), 
m4 tlialliu© (4) ©uecessfully titrated* flie 
preemt itt'^estlg&tloii takm up to Rssess the utility 
of potassiuffi Sistrrmy&M&e es a titraat for leecl* As et 
result it has fe^en fdtmd thst preeiae accurate aad r«pro-
itucible result« nm fe^ ueiiig thi© method for the 
detersiiietieii ©f Im^ In tlie preseatse of tm tlsee of 
feasKt-uc. 
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B S C P E E l f l E ^ f A l . 
Rea^mtQt All reagmts were either Utsmk (Barrastadt) 
or S.O.S* (Maler)* Lesa aeeifat© m& lead nitrate solution© 
were pr©par©<l hf staMaiedi^iig with E.B.T.A* (S). A few 
drops of glacial aeetic acid wsre a^de^ to the lead aoetatci 
eolation t i l l it feeeeme ele^r. P^tassiuo ferrocyanide was 
titration acainet giiicC6)« It was preserved 
using the ueual preeeutios© C'S't^ ) t© oljeofc deeosipoaition* 
Amnrmim&t The eleetrioal armsgenent weed was the ©ase 
m tliat ©f Foulk and Bawden (6). 
Siethoda Pii^ e to ten ml of lead fiitrate or eeetate 
solution were teJkea in a S50 ml* fcealser and diluted to 
nearly 60 ~ 80 sil witli water bo a© to dip the platiaum 
electrodes ia th© ©oltttion eosipletely. Potaasiura ferro-
cyanide wee to it sad t&e deflection for each addi-
tion recorded• fhe end poiat was detected by the break 
ia the carve of current of tit rant. 
E B S U 1 t S 
fk® r®8tiltis for tto® titration of laad nitrate 
(0.08411) with O.OSOSa pstaaeitm ferroe^aniat at 600 mv* 
are ©uismaflgta iia talkie Xlf. 
t A B I. S H f 
bbab sto? fifmnm 
FIMROOfAtllBS Af 600 
OP I.EAI) fHfRAfS POfASSltIM 
o Koles ®f Sole© ©f 
6 
JloJ.® retiQ 
* lO-^ 3E 10"^ 
1 4 .go 2,012 1 t 
2 i 1 2.036 
3 i i 
4 1 t 2.036 
5 4.go 1 s 2.036 
6 4*80 g.iise 1 t 1.088 
? S.40 1 t 1.988 
a ©•68 % f 1.989 
9 ©•04 % 1 S.003 
A-rerage is®l@ ratio « lt2»OS38 
Staatard » 0*0312 
III to stwciy the effect of i^ons on tfeis 
tit rati oa a few titratioae were also perfumed wsing lesd 
®©©t6t©* 5 iii* of 0.098M le&i aoetato required 4•900 lal 
of 0.05031 potessiti® fentjeytmide* 
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fil® titratios WS8 also perfomed in the piresesee 
of Tsariuffi. fhe results are stiEsaariEed la figiire (14e)* 
To f im oat th# best potential for thiB titration, 
i t was perfoi^ed «t 0»3t 0«6 aai 0«?6 imlte 
(Figure It was noticed that the end point cotilfi be 
accurately <iet©«Ktiied @t my one of these potentials tout 
beet results wer® olstaiRefi the potentisl wae from 
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festtlt© aliosf thet leoa tj© 
ae nitrate or as aioetatt Beouretely aetJlag the aead-stop 
laethoi. flwt step© of th^ earve Cl4e) r^ eeisifelea the curv® 
fOT t&c titretion csurire for th® titratioa of as i3erever»i>}le 
Of ©ten witli a reversible eyat^t At th® f^tentl®! tieed ia 
thie ©aee the redtjicstion ©f leed CII) is ipi?everBit>le whJl© 
the re^ttctioB ©f fcjrric^ratilde i® rovereil)!©* Seaeo wtica all 
lead has tsuea tii^r^ i® ©scsdss of f©ri*oeyani€i«» 
which csatQia® a deisII (luaatiti? ©f faiwiayania® end a sharp 
rlae ia current 1© Sine© barlim i® 
mc^ eore soluble tfesa the lentf saltf leea ferrocysaaide 
is preoipitated flrst# mmm a© ferroeysni^l® has been 
con|jlet«ljr a i ltt l# ©f ferxfoo^eaaid^ mar 
b® pieescflt as ferMcjaaia© ©r es barium ferroeyani^e* In 
feoth oseee m iiicsreasfii ia omttmt I0 since Itaslui^  
ferroeyaniAe du© to its fair eolubilltir will proviso euffi-
ctrnt ferro0yaai4o lone* title ©xpleaetiQR Is in coaeoaaaee 
isltii th® curves in figtiy® 14* la 14(b) the currdst inore&ees 
fpoffi the bogimiiig owing t© the selubility of barius 
ferro^yaniie* Ja 14{c) eftoi? tfee istid point th# iucyeace in 
88 
Qwermt ta not as aiiarp as in 14Ca) sine© soae ferrooyanide 
hmn up ma laarlia® f^w^mfmiA®* 
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s ff ir s R f 
fhe pfeeent worfe describe® (a) Preparation aaS 
profertits of @t@iini@ ei^Ifbdate (b) Otorosatography df laetal 
ions OS ©taimic molyMate pepore Cc) i>eteetion of ferrous 
ions ij^ ith etiyqinio (S) Quantitative sepamtioa of 
Fet A1 ana f i by paper cfer©Eiatogrfi®>fay (e) Spectrophotoaetrie 
Seteminstion of titanium using sulfooalioylic eoid ( f ) Dead-
stop titration of lead with potaesiuQ ferroeyanide in the 
preseaee of toftriua* 
Stannio solfbdate haa been prepared by Qiid^ ng 
atjueoua atomic cfeloslde and aBSoniu© oolybdete 
in a ffioior ratio of ( its)* fb,e composition of the gel 
has been eatabliahod casing olaeeicai trol^ uaetric and 
grsi^Eaetric method®* It ha© been found to be Sn«Ko <lit)# 
High frequency at^dioo however ahowed an apparent eonbining 
ratio of SnsBo fhe ion exohange oapsoity of thie 
ion exoha^er has been found to be 0.9& to 1*04 for Sat H, 
Ba imd Sg ion®, the Ion eatohaager io etable in nitriot 
ewlfaric, eeetic and fonsio aoid® of aXl conoentratione. 
0.6M HGl @nd peroliilorio aoid have also no effect on 
ii 
the ion ©xohaafer In thrm f&e ©olti'btlity 
©tsanie ^bM^t e®^ H^O^ was al0O QtisRtita* 
tlTelj ffee pB titrKfion mrtn for tfel© ioa 
sb©«rs mtf om tufleetiofi foiat e^rmfspm&ln^ 
to Esmiofiisctloiiel aeidiij ^smp* diffmotion showed 
ttiat t&e matoriRl nm ©fystalUne- values for 12 
eatios's wara for tfels ioa exefeisn e^r* 
of tMo ewfeataaos i© taatstively pftjposea ae 
OH 
- 0 Sfs —- 0 — lioO 4 
OH 
©imdle® wer© i?©rfo:pisft6 end the results 
la tfee It gist ©f the struts tar© proposed 
ataiimie mlfMate gel ime ©rushed giid sieved end tfe© 
bead® so obtained m r^c used for tli© «peclfie d^tcetlofi of 
f©?3po«8 iORe tieifiG the follewin^ proesduros 
S© one si af tho unkmmk solution approK* O.IH HggCBJOg)^  
waB added dropwiSG!# I f a appeared tben addition of 
raercaren© laitrate mm cso^ tinn-ed ti lt ooisplet© precipitetiofi. 
fhe filtered and to filtreto acnofiiuo 
oeetate Jti! aqiiooue eolation ms addef?. Any precipitate 
which appeared wmn filtered, fo this filtrate were added 
« few of the tKChmger at6aiii0 iaolybdat«» ffe© bcstd® 
iii 
tuwi^i M®0lt ia pi-sseme® of ferrowa ioae* 
fhi® t«6t has lieeii fcsmns to f©^ f€!mm© 
itms. fii# sf f i *^ e®^ le coE^ietely 
fcaaove^  fef th« mmmtmrn laitmte whieh dxidi&ea 
n*^ ma to Sii'^ ions recpesti^cslf. ooXor 
iftien th® i@a m^hmB^T reacts wltk various cranio 
amt^i^kla la®© ale© fe^gn mt it to 
e0Be mm tests ©a the tsasSs ©f tliia feet* 
'Papers i^i^rc^aated with stsanie tiolybd&te haT© been 
prepares! ana 4? eations liav® feem chmmtegmphM in tfe« 
foile^ng ©el-rmt 
(1) t^&n iwo^ 
( g ) M e t o n e # ©c ia • a-litttGiiol • 413 HGl ( l i S t l t l ) 
(3) B«Biitan@l * HCl ( f id)* 
(4) gthyl festal ^ Bmtom ^ SO0 l!Cl (?i3il) 
(0) Aeetose -t- neotie aeid * m-butuaol • li: HeCl (111;ill) 
{6) Aaetoae • a-butaaol • 412 HHOg ( l i l s l f l ) * 
(7) 0.6 SOI • mU* at* KCi i l s l ) » 
(8) Bthyl aethyX tetoae * eeeton© 4 SO^  HCl (6t39l)« 
(B) m n^m^ * w mi int}^ 
(to) Etfeyl ©etliyl fectooe soeton© • BCl (3tSi5). 
Cli) Ethfl MthyJ. ^©tea© ^ ©eetoa® • §0|S ttOl (li6sl)» 
Ab a of tM® study a numheie of wteful 
appear t© posai^l©, ©f -Erliicfe are given 
belowt 




















Oat i.OD-0.015 Imn than 0.50 
AuilmO 
lees tiwm 0»70 
lese tlmn 0*65 
less thota 0«?0 
BeC0,40) a(0.18) 
I«C0«S8> flCO.OO) 
QttoatitBtiir© &spe<jt© ®f th© uepefEtlon of F© - A1 -
toeen studied« fiie Mxture Is separstea by tisiafr the 
aevelc^or HCl f I1G00H * CHg-CO-Citg (4t3i3)* Titoaltis, iron 
sad aliiffilisi*® ©pets after sepsration eluteS and detes?-
ssined ffltii salfosalieylio aciSt lO^phenaatftrollne and 
«riocfef0&e rasfnacti'^ely. 3 io?is were <|usRtl« 
tatitrely tlagler*® metfe®^  for the epeetrophoto-
setno ietesiBlaatioa ©f titssitia fjitii ©wlfosolieylic acid 
has been It liss been found that the detonainetlon 
i® ©ore s^eitive mt 3SS mjj, laetesd ef 448 s ^ ae proposed 
% Eiegler omS <ll®nser« fJae au© to Co, ?t end 
i® coE^letcly Tcm&v^ tjjr ixeii^ ascoyt&te aeid In plsee of 
jseroaptoacetie ftsld. liuss cosaon imst fli» Er, 0a, f l* 
In» f and €b feave bi^ m fswnd not to Ifiterf^r© i » tM© 
liesa !iae feeim dtteMi^td ia the preoene® of hartim 
Ify tlt0 using poteseitiia jr«yrocyeiii<Se m 
the tit3?mt» Bmt results © t^saine^  whon the 
was fTOg! 0.50 to 0»73 mite* Itmi mn be eocityately deter-
ia the premmce of 10 ti^es @f barloo tsy this teefenit^©. 
